moment, the bits for a particular document are somewhere real and physical. 2 The best testimony to the truth of this statement may be the Patriot Act (2001), which authorizes the US government to monitor acts of reading and writing based on the territorial location of servers. A more encouraging investment in the idea of digital materiality is the turn toward media-specific analysis and granular reading of digital technologies exemplified by Katherine Hayles, Matthew Kirschenbaum, Lisa Gitelman and others who bridge between science and technology studies, digital humanities and the history of books and reading.
3 Their attention to the material specificities of digital texts points toward the valuable middle ground that textual scholarship occupies, where we make a virtue of the tensions between the opposing tendencies to generalize or to particularize -in other words, between the knowledge that comes from our encounters with artefacts, and the framing assumptions we bring to those encounters.
How, then, can this renewed attention to the materiality of digital texts provoke new ways to think about the study of reading, past and future? To work through that question, I offer the example of the web browser as a vital yet unacknowledged agent in the sociology of texts in the present. This chapter considers the relationship between browsers as software and browsing as a mode of reading, then turns to a well-known moment in the iconographic history of reading machines, and concludes with a reading of certain contradictory tendencies within the Firefox web browser itself and what they reveal about digital texts' elusive materiality.
Few historical developments have invigorated and challenged the study of reading as much as the renewed viability of the e-book and digital reading devices. Yet the proliferation of Amazon Kindles, Sony Readers, Apple iPhones, and similar devices reminds us that for years we have been using even more ubiquitous devices, but in the form of software with names like Firefox, Internet Explorer, Netscape, Opera and Safari. Web developers have always followed the unfolding history of browsers with intense interest, but academic discussions of browsers focus mainly on economic and policy questions, especially the legal disputes over Internet Explorer in Microsoft's operating systems. 4 It is worth remembering that when Steve Jobs first rolled out the iPhone, one of his chief selling points was that it ran the same web browser, Safari, as every other Mac notebook and desktop computer. The same is now true of the iPad, and the flexibility of browsers as venues for many kinds of interaction will likely increase in importance as mobile reading devices proliferate. While it is true that textual scholars have begun to examine how software such as word processors and hypertext authoring systems affects the nature of texts, the web browser itself has tended to remain transparent in humanists' engagements with digital textuality. This is an unfortunate omission in our field of study, since it leaves the analysis of browsers to fields like computer science and business in which scholars tend to lack a bibliographic understanding of textual transmission.
We can see the putative transparency of browsers whenever web pages are represented in scholarly publications in print, where screenshots tend to show either the page itself detached from context, or the page with the browser window around it (which is usually enough to identify the operating system, browser and sometimes browser version), or, less often, the browser window in the context of the author's desktop. The latter instances may inadvertently capture details of the article's composition, such as the clock showing when the screenshots were taken, other open applications, and unrelated files on the author's desktop. All of these visible traces connect the text to the site of scholarly labour that generated it. The web browser becomes even more implicated in that labour as browsers become a platform not only for viewing web pages, but also for using tools like Zotero to manage and share sources, citations, and notes ( Figure 1 ). These markers of digital materiality stand as modern counterparts to the iconographic tradition of the scholar's study in the early modern period, in which the mise-en-scène of the life of the mind reveals the embodiment of readers and texts. 5 What, then, can the history of books and reading reveal about web browsers, and how in turn can that inquiry prompt us to reconsider our understanding of reading, especially its future in online environments? We could begin by considering browsing itself as a readerly activity, one which links humanists of the past and present. A recent study of humanists' research patterns in different kinds of libraries highlights the importance of browsingas opposed to, say, searching or aggregating -as a way of interacting with materials that characterizes the humanities disciplines in particular. 6 This owes partly to a major strength of the interpretive aspect of the humanities, in which inquiry is rarely dependent on notions of complete data sets: one need not read every Victorian novel in order to make a valid argument about, say, textual labour and subjectivity in David Copperfield.
7 Yet the design of digital libraries has tended to reflect the information-seeking habits of the sciences, with the database search form as the domain of searching scientists, and the library stacks as the natural habitat of browsing humanists -a habitat increasingly under threat in times of scarcity. 8 The pleasure that humanists derive from browsing may well result from the moments of serendipity that arise when one makes a connection because of material constraints like the arrangement of books on a shelf, or the original order of archival materials. Interface design has been slow to reckon with the distinctive power of humanistic modes of reading, but researchers are beginning to influence design traditions and to use digital interfaces as occasions to think about the nature of materials.
9 However, as Claire Warwick and her co-authors point out, the power of serendipity depends upon being able to trust what one finds, and the philological instinct to interrogate the provenance and transmission of texts is alive and well in humanists' experience of digital libraries. 10 Browsing is not so much about overcoming constraint -by, say, enhancing access or efficiency -as about making a virtue of the often incomplete and fragmentary state of our materials: the gaps in the archive that remind us that the human record is formed as much by loss as by preservation.
Books, browsing and machines: the case of Agostino Ramelli
In considering the web browser we might also look to browsing as an activity throughout the history of the book, a topic that deserves a study unto itself. The role of machines as mediators between browsing scholars and their materials would be an essential topic in such a study, and there has of course been a great deal of book historical studies of moving bookshelves and other physical aids to reading. These lines of inquiry sooner or later tend to arrive at the image shown in Figure 2 , the book wheel depicted by the Italian engineer Agostino Ramelli in his 'theatre of machines' volume published in Le diverse et artificiose machine del Capitano Agostino Ramelli (Paris, 1588).
11 Commentary on the book wheel often points to it as a distant ancestor of the web browser and its implementation of hypertext.
12 There are even some similarities between this machine and Vannevar Bush's Memex from 1945, another of the modern web browser's conceptual ancestors.
13 A twenty-first century digital humanist might well see hints of Zotero in this image.
It is the strangeness of this image, however, that has made it an emblem for machine-assisted modes of reading. Of the 195 machines pictured in Ramelli's book, most have military or infrastructure applications, for tasks like assaulting cities or moving water over distances, so this lone figure is an odd standout. 14 Ramelli's vertical book wheel seems to have caught on more as an imaginative pursuit than as a real engineering project. Just three decades after its first printing in Paris, a version of this image shows up in a book printed in China in 1627, Chhi Chhi Thu Shuo ('Diagrams and explanations of wonderful machines'), by Jesuit missionary Johann Schreck and Chinese scholar Wang Chen (Figure 3 ).
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Most of the same elements are present: the wheel, the scholar (now Chinese), the bookshelf, the locked door, and the exploded view of the gearing system. Note that the books on the wheel have changed in format to become vertically lined scrolls. We see Ramelli's design showing up a century later in Figure 4 , in another theatrum machinarum by Nicolas Grollier de Servière (Recueil d'ouvrages curieux de mathematique et de mecanique, Lyon, 1719). Grollier has removed the exploded view of the gearing and instead uses gravity to stabilize the book cradles, but again the essential elements of the reader, chair, and wellstocked bookcase remain along with the wheel. Even in the Ramelli wheel's popular film debut in Richard Lester's 1973 version of The Three Musketeers -a film stocked with machines seemingly drawn from Ramelli's book -the emphasis is on the strangeness of the device in its context, as Michael York's D'Artagnan spills books on the floor when he fails to realize that the wheel moves if he leans on it. 16 Ramelli's original interest may not have extended beyond demonstrating the planetary gearing system we see in the exploded view, as Bert Hall speculates, but in its subsequent representations the book wheel itself is never depicted as technology in isolation, as though the machine was the sole source of agency over the materials.
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To modern eyes the Ramelli book wheel tends to signify the interconnectedness of information itself, and the multitude of paths that radiate outward from single books and together constitute a so-called docuverse. In such a reading, the researcher figured here becomes a kind of explorer or navigator of the world of Renaissance books. To Lisa Jardine and Anthony Grafton, the reader here exerts a new kind of power over texts, acting as a facilitator and intermediary of the textual energies of others, resulting in what they call a centrifugal mode of reading that amounts to information retrieval on a new 14 Terry Harpold suggests that this image and the four plates that precede it, which depict moving ornaments and mechanical birds driven by water-and air-pressure, are united by the theme of simulation; Terry Harpold, scale. 18 Ramelli's own description limits the wheel's innovation to serving scholars suffering from gout, for whom movement to and from the shelves would be difficult. But, as Terry Harpold suggests in one of the few sustained readings of Ramelli's machine, this image is about more than the convenience afforded by the machine; rather, 'it is instead the topology of reading realized by the wheel's rotations that marks it as an authentic precursor of the digital field'.
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The wheel also represents a form of human-machine interface, a relationship accentuated by the common decorative flourishes on both the wheel and the chair. Aesthetically the two items are of a piece, just as the wheel, scholar, books, shelves and window together constitute a system.
For humanists, it is this 'topology of reading', as Harpold calls it, which characterizes a given technology, often more so than its efficiency. But even the topology metaphor suggests a level of abstraction -like the topological map on the cover of 'distant reading' advocate Franco Moretti's most recent book -which selects as it represents, omitting the level of detail associated with materialist analyses of reading.
20 By now Ramelli's wheel has become a standard think-piece in scholarly accounts of the history of reading, and the 1588 image functions not just as historical evidence of synoptic or discontinuous reading, but also as an occasion to think through the difficulties of making sense of new reading technologies. Hypertext enthusiasts have tended to cite this image for its proleptic qualities: for them this is an emblem for browsing that allegedly transcends historical distance -despite the fact that 'the book' for this early modern scholar was, in many respects, not the same object it is for us.
A different way of looking at this image would view all of the elements in the picture as part of a single system, encompassing not just the wheel and the scholar, but also the room itself and the many symbolically loaded details of miseen-scène it contains. I propose that we take Ramelli's image as an emblem for the contestability of historiography itself, and especially for the tendency to recruit pre-modern technologies to naturalize modern ones. The presence of other elements in the images -the bookshelves, the scholar, the chair (reminding us of the embodiment of readers), the enclosed and privileged space of the study -all remind us that the book is never just an ideal object in isolation, but always contextualized by the systems that surround it, whether those systems are social or mechanical.
One such contextualizing system is evoked by the circular shape of the wheel, which contains the books within a shape that alludes both to Platonic perfection and to the organization of knowledge into an encyclopedic continuum -a structure that privileges connectivity and topic-based browsing. That browsing structure is encoded in the very architecture of the massive circular reading rooms such as the one Antonio Panizzi designed for the British Museum Library, which we could imagine as though it were Ramelli's wheel set on its side and amplified to the scale of the British Empire. The Web itself is sometimes figured as an ideal universal library -or at least one still under construction -but the linked symbolism of the Ramelli wheel and Panizzi's reading room troubles that ideal. In the latter's case, its circular space of ordered knowledge sits a few floors above its shadowy counterpart, the British Museum basement, whose chronic disorder Thomas Richards identifies as symptomatic of the epistemological crisis of the imperial archive. 21 In the case of the British Museum, we can imagine the circular reading room above and the chaotic basement below as integral parts of the same system existing in tension with each other.
The encyclopedic ideal is under threat in Ramelli's figure, too. Against the far wall we can see part of the library from which this scholar draws his books, but where the reading wheel suggests an encyclopedic round of knowledge contained within a circular form, this irregular mass of books extends beyond the frame of the image, exceeding both the organizational capacity of the wheel and the representational capacity of Ramelli's illustration. We could think of this library in the context of the humanist Juan Luis Vives's assessment of the problem facing Renaissance humanists: in his treatise on education published in 1531 he says, 'if everything written by those old philosophers, historians, orators, poets, physicians, [and] theologians, had reached this age, then we could put nothing but books in our houses; we should have to sit on books; we should have to walk on the top of books; our eyes would have to glance over nothing but books'. 22 This absurd excess of material documents lurks just beyond the frame of Ramelli's illustration.
Another unsettling detail is the locked door at the back, with a formidable trio of bolts to keep the outside from getting in. What is the door's function in this representation of machine-assisted reading? (Notably, the Chinese version of the image retains the door even though it omits the window, no less vital to reading.) On a practical level the locks accentuate the value of the books and machine within, but the locks serve a figurative purpose as well: in the ideal library they would mean that threats like error, textual corruption and the distractions of the world are excluded from the protected space within, like the idealized studies described by humanists such as Machiavelli and Montaigne. But we can also invert that reading and see this as a space that needs protection, one whose integrity is threatened by whatever might be on the other side of that door. One imagines something like Edmund Spenser's bibliographical monster, 21 Error, who vomits books and ink, or perhaps the invading dance macabre skeletons from the first surviving image of a printing press from 1499, breaking in to steal the volumes, or to rip out leaves for sale at auction, or to vandalize Wikipedia entries. 23 Ramelli's image thus shows us an interior space for knowledge that presupposes and even generates an exterior space. The book wheel may serve as an emblem for document browsing, but the full illustration depicts an epistemological structure in its attempt, not altogether successful, to enforce a separation between the knowledge within and the disordered world outside.
'View source': reading the web browser
The tensions at work within the Ramelli image serve as reminders of similar ones at work in technologies of reading today. Web browsers link us to an outside space of texts beyond our immediate surroundings, like the bookshelf extending beyond Ramelli's frame. However, the scale and diversity of digital textuality on the Web also frustrates any encyclopedic fantasies of epistemic mastery: a digital environment like Wikipedia gives us connectivity but not necessarily continuity. Book historians have long understood how books may reflect and negotiate tensions like these, and indeed one of the field's inaugural works was a study of how the encyclopedic project of Denis Diderot took shape within the material constraints of publishing and the book form. 24 It was D.F. McKenzie, however, who prompted the related domains of textual criticism and bibliography to extend their scope from manuscripts, books and ephemera to digital texts, software, images, film and the other kinds of artefacts that McKenzie grouped under the term 'non-book texts'. 25 Far from being transparent windows to the content of digital texts, browsers are themselves agents in the sociology of texts that Darnton and McKenzie outlined, and can shape reading in subtle but consequential ways. So what, then, should historians of books and reading look for in web browsers? For the sake of space I will focus on two aspects of browsers which, like the Ramelli image, expose contradictory tendencies in the framing assumptions we bring to materiality and materials. Specifically, these examples represent the poles of the ideal and the material -or perhaps the rational and the irrationalwhich define the continuum where all texts have their place.
To take the rational side first, all major browsers today overlay a kind of central nervous system upon documents, called the Document Object Model (DOM), which connects every part of a digital document, right down to strings of text, to a single tree structure. The DOM provides tremendous advantages for web programmers by rationalizing the messiness of texts into computationally tractable order, making every part of the document accessible to scripted queries. Yet the DOM's structural centrality within browsers makes them ubiquitous implementations of the controversial neo-structuralist hypothesis that all texts, no matter their provenance, conform at some level to a structure known as the Ordered Hierarchy of Content Objects (OHCO). Allen Renear, the most eloquent champion of this position, promoted a school of thought within humanities computing during the 1990s which praised the computational usefulness of designing electronic texts as trees of containers. 26 In the OHCO worldview, a document contains paragraphs which contain sentences which contain words, with none of these elements overlapping their hierarchies. This chapter, for example, would conform to an OHCO model in terms of its structure, and my word processor, MS Word for Mac 2008, is saving it as an XML file as I write (a remarkably messy XML file, if one looks at the source code, but an OHCO structure nonetheless). Much of the OHCO way of thinking influenced the Text Encoding Initiative (TEI), whose encoding guidelines form the standard -albeit an evolving one -in the digital humanities today.
The complication, however, was that proponents of the OHCO thesis took the further step of inferring that all texts, everywhere, must embody the OHCO structure. As Renear describes the inferential leap, 'the comparative efficiency and functionality of treating texts as if they were OHCOs is best explained by the hypothesis that texts are OHCOs'. 27 This dubious logic -a form of the fallacy of arguing from consequences -was opposed by textual scholars like Jerome McGann for its potential chilling effect on the digital humanities' conception of the field's materials, and those who lined up to refute it tended to invoke the materiality of texts in some form. 28 Although it is fair to say that the OHCO thesis failed to win over mainstream humanists, its structural principles nonetheless form the very essence of the DOM and XML (and TEI). The Firefox browser even included a feature called the DOM Inspector in its first two versions (available as an add-on for version 3), which would display the markup structure of any web page in a manipulable tree structure. 29 Like the idealistic tree diagrams of Diderot and the encyclopedist tradition, web browsers in this regard treat the world of texts and knowledge as fundamentally rational.
If the OHCO thesis and its implementation in the DOM embodies a thoroughly rationalized worldview, implying a reverence for structure and authority, its opposite also lurks within one browser in the form of a so-called Easter egg: a joke or other message deliberately hidden in software by its designers. The bibliographic analogy for software Easter eggs might be the errant bits of waste paper one sometimes finds within the bindings of books. The Firefox browser since its first release has used Easter eggs to conceal within every copy of itself an account of its struggle with its giant competitor, Microsoft's Internet Explorer, as did many versions of its predecessor, Netscape Navigator. This account is known as the Book of Mozilla, after the Mozilla project which began within Netscape and from which the lighter and faster Firefox browser emerged as a side-project in 2004. The Book of Mozilla may be viewed in any installation of Firefox by typing 'about: mozilla' into the location bar; one need not be connected to the Web, as the code is built into the browser itself. Typing this into the current version of Firefox (4.0.1) produces a screen containing part of an allegorized account of the recent history of the browser wars:
Mammon slept. And the beast reborn spread over the earth and its numbers grew legion. And they proclaimed the times and sacrificed crops unto the fire, with the cunning of foxes. And they built a new world in their own image as promised by the sacred words, and spoke of the beast with their children. Mammon awoke, and lo! it was naught but a follower. (emphasis removed)
In this quasi-Spenserian language, 'the beast' is the Mozilla project as personified by its Godzilla-like mascot, and 'Mammon' is unmistakably Microsoft, who became 'naught but a follower' after other browsers like Firefox and Safari exceeded Internet Explorer in standards-compliance, speed and interoperability.
This is just the most recent entry in an ongoing sequence of chapters and verses from the Book of Mozilla. One can read the whole narrative at Wikipedia, though to be bibliographically rigorous one would need to do installations of every single version of Firefox and Netscape Navigator from their first releases, and on different operating systems. 30 An annotated edition of sorts may be found on the Mozilla website, though appropriately enough the annotations are readable only as comments in the source code, accessible by means of the browser's View/Page Source feature.
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Part of the significance of the Book of Mozilla is that it is simply there, hidden inside the binding (so to speak) of every copy of Firefox for those in the know to find. But the form and content of the Book of Mozilla also work together as a comment on the materiality of digital artefacts and the labour that goes into them, left there by their makers and using the book as a source of metaphorical power. The Book of Mozilla is clearly modelling itself on the Book of Revelation, which, in addition to being a prophecy, was also a letter written to an embattled minority promising eventual liberation. Here, the language of market-driven competition is sublimated into the language of liberation theology, hidden from view and revealed only a piece at a time with each release, like the liturgical cycle of readings in the church calendar. The Book of Mozilla represents a strand of continuity, albeit an ironic one, between digital web browsers and printing itself as a supposedly providential technology, bestowed by God upon the world to negotiate between divine order and the messy materials of human affairs.
Reading digital materiality
I suggested at the outset that textual scholarship does its best work in the messy middle ground. Web browsers have become the most potent sites where documents and algorithms merge into hybrid forms: they are threshold spaces where we may observe the changing materiality of texts. For the purposes of, say, textual criticism, a digital textual scholar might trace how the transmission and presentation of a text changes between different browsers, or different versions of the same browser, or the same browser on different platforms. Examples of this level of studying the materiality of digital texts may be found in Kirschenbaum's analysis of electronic literature, or Greetham's of word-processor files. 32 Alternately, for the more sociological purposes of book history -the kind based on Darnton's well-known communications circuit -one might consider how browsers enable or prevent different populations' access to information depending on constraints of language, political control of infrastructure, economics of operating systems and support of character sets. 33 The point is that the materiality of digital texts means that they change and act in the world in ways that are knowable -at least more knowable than humanists generally realize -and which respond to the kinds of analysis that have developed out of the study of books, manuscripts and other more familiar forms of material texts.
That said, textual scholars should not entirely let go of the estrangement that new technologies bring to our experience and understanding of reading. As a counterpart to Ramelli's emblematic image for reading, I will close by suggesting another as a think-piece for digital reading: Robert Hooke's illustration of a period as seen through a microscope and reported in his 1665 work Micrographia. 34 Hooke's illustration brings together the themes I have been discussing here; like Ramelli's book wheel, it embodies a particular response to the irregularity and imperfection of material texts. In Hooke's commentary on the many periods he examined, inscribed with a range of means from manuscript to print to copperplate etching, he expresses his surprise that a perfectly round period on the page appears under the microscope as, in his words, a 'great splatch of London dirt', made irregular by factors such as the unevenness of the paper or imperfections of the type or engraving. 35 Unlike things created by nature, such as the tip of a bee's stinger, human artefacts become disturbingly flawed when you look closely enough. Hooke shows clear disgruntlement at the secret ugliness and geometrical chaos hiding within even the most innocentseeming of punctuation marks -and the one most important in the web's addressing system, along with the solidus.
As Adrian Johns suggests in his insightful reading of this image, Hooke also realized that the 'postlapsarian disproportion of the senses to nature, and their alliance with the passions and imagination, were both necessary and precisely sufficient to allow human beings to read'. 36 Far from the circular perfection of Ramelli's encyclopedic book wheel or Panizzi's great reading room, this great splatch of dirt shows a circle coming apart, taking a shape only recognizable as a period when we use our unaided human vision, which is imperfectly calibrated to the world. As tempting as fantasies of ideal texts and knowledge environments might be, they must be tempered by the reality that all material inscriptions will at some level look like Hooke's period, and hold the same implications. Those implications are the rationale for digital textual scholarship in the coming decade, which is well equipped to recognize that 33 For example, try using any recent version of Internet Explorer to visit a website like un.org, enter the version of the site in Arabic or any other language read right-to-left, and watch what happens to the browser's scroll bar. 34 
